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A Method of Reliability Growth Management Test Design for

Continuous System
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Abstract @ In this paper we proposed the test design method of reliability growth management. First, we
presented the process for establishing the reliability growth management test design considering the number
of failures and the termination test time. Reliability growth analysis of continuous system was performed in
accordance with the test design process presented. In case the reliability test result is not met with the
reliability target value after more than three failures occurred, the required test times were analyzed that
1,725 hrs for one corrective action, 1,950 hrs for two corrective actions. If the number of failures is less than
three, design a reliability demonstration test according to confidence level 80% and 90% was performed using
RGA 11 Software. As a result, it is possible to establish the reliability growth management test design with
sufficient use of available resources. The results of this study can be used when establishing a test design for

assessment of reliability growth management of all continuous systems.
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2.1.1.1 Time to Failure Data
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<Table 1> Data Types for RGA Growth Analysis

Data Sheets

Failure Times

Grouped Failure Times
Multiple Systems - Known
Operating Times

Multiple Systems - Concurrent
Operating Times

Multiple Systems with Dates
Multiple Systems with Event
Codes

Sequential

Sequential with Mode
Grouped per Configuration
Mixed Data

Multi—Phase Failure Times
Multi—Phase Grouped Failure
Times

Multi—Phase Mixed Data
Reliability Data

Repairable Systems

Fleet

Data Types

Time to
Failure

Discrete

Multi—Phase

Reliability
Fielded

2.1.1.4 Reliability Data

N HolE fFe A NEE
A% magshz A

Aole]
g%t} Standard Gompertz,
Modified Gompertz, Lloyd—Lipow H+= Logistic
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2.1.1.5 Field Data
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<Table 2> Applied Models of RGA Test Strategy

Model

Crow—AMSAA(NHPP)
Standard Gompertz

Test Strategy

Lloyd—Lipow
Modified Gompertz
Duane

Test—Fix—Test

Logistic

Crow Extended

Crow Extended—Continuous
Evaluation(multi—phase)
Crow Extended

Crow Extended—Continuous
Evaluation(multi—phase)

Test—Find—Test

Test—Fix—Find
—Test
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t ; cumulative test time
N scale parameter
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N ; cumulative number of failures

T ; total test time

G ;5 maximum likelihood estimates of [3

(1)

(3)

N ; total observed number of failures
T ; total test time

ti ; 1—th test time
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Aca 5 the achieved failure intensity

Asp > the constant failure intensity for the
BD modes

d; ; the effectiveness factor for the i—th BD

modes
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K ; the number of BD residing in the system
A\i 5 each BD mode initial failure rate
Ug 5 average effectiveness factor for the
observed BD modes
h(TIBD) ; the first occurrence function for
the BD modes
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‘@ Determine to Data Type ‘
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Establish to Test Strategy
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[Figure 1] Test Design Process of Reliability Growth

Management for Continuous System
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<Table 3> Time to Event of Continuous System

Data Time to Event(hr)
1 30

60

100

150

300

600

750

1,000

1,200

OO ||| O] w |

GROWTH.DATA
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Parameters @
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Lambda (hry 0.1467

Gronth Rate 0.4371
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OFt 0.0034
Statistical Tests
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[Figure 2] Cumulative Number of Failures and Analysis
Results(Termination Time = 1,500 hrs)
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<Table 4> Required Test Time to # of Corrective
Action
# of Corrective Required Test Demonstrated
Actions Time(hr) MTBF(hr)
0 1,575 319.4356
1 1,750 307.9916
2 1,950 304.2561
| 7 PlotType 0=
l:}( Cum. Number of Faiures
@/ |Units Hour (hr)
: 3 [ s n
IR
Parameters Q
' Doty v

[Figure 3] Cumulative Number of Failures and Analysis
Results(Termination Time = 1,575 hrs,
Corrective Action = 0)
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[Figure 4] Cumulative Number of Failures and Analysis
Results(Termination Time = 1,750 hrs,
Corrective Action = 1)
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[Figure 5] Cumulative Number of Failures and Analysis
Results(Termination Time = 1,950 hrs,
Corrective Action = 2)
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<Table 5> Design a Reliability Demonstration Test
(Confidence Level 90%)

# of Test Time | Test Time | Test Time
Systems |for 0 Failures|for 1 Failures|for 2 Failures
1 690 1,166 1,596
2 345 583 798
3 230 388 532
4 172 291 399
5 138 233 319
6 115 194 266
7 98 166 228
8 86 145 199
9 76 129 177

10 69 116 159
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[Figure 6] Test Time vs. Number of Systems
(Confidence Level 90%)

<Table 6> Design a Reliability Demonstration Test
(Confidence Level 80%)

[Figure 7] Test Time vs. Number of Systems
(Confidence Level 80%)

NEAY A Bele WAk slEe] Ay X
S99kt A, BokE vasks wo A
Hom Aua 4% BEolth B4, A48 W
He AA Axg A Aol vd Qe 3
he AFRT Bt A Ao A LS

.

-~

Asstol AA FAEAE FHeoF sh=A &

-

[e

wHebAM, A=A A B Brke S AEd @
o vjaste] AguE APHa =A s &
Stk ol met, J=rh AdE g H A Fom
Aze AddEs FHalof vt ojH e A
AR EA Gl Ao AL, 9 =
= 2 FaAd i AR E£3E o

of gt

rir

3 3 3 S = o]
# of Test Time | Test Time | Test Time A= 4 B S5 T3 ojdS o 2tk
Systems |(for 0 Failures|for 1 Failures|for 2 Failures a3l EE A A
— o <
1 482 898 1,283 oldA] ek A A
2 241 449 641 - XA TAE F3 AA A ks
3 160 299 127 - 3% 43e B4 BUE 99 02
4 12 224 2 - i
: o0 - 58 94 7Ped 57
5 96 179 256
6 80 149 213
7 68 128 183 A A BEls B =RoA A AlFA
B 60 112 160 g e A9 A Y e Eus 1e8 4
g > - e Ae 97, Aoz 249 + g
10 48 89 128
94 Alz=EldxYo]E



ool <

o o ol N

w5

TR S =

o =2 =

> Jo 2 =

= 2

o~ = > i‘j
lo o W o
- o oXx O:;;
3 2 ox o
SRR
=3 w
- o

-y ru% zy ox F
oX f\F S oz
0 o=
B A by

AU ORY

o BB *j

£
>
ol
>,
NIl
rlo
—
o
(&3]
o
>
X
o
1)
ko
o
P
o
fil
M
Y omeh o oY —

i ol
32

z 0
=
A
=
re
r2
1
ro
2
i)
oX,
oX,
o
rJ
AcH
>

=2
2
2L
>
o
2
LA )
oX
oX
o
r
AL
o
>,
o

ey
ok
rO
r
>
el
ins
)
AcH
5y
N
>
pad
At
oX,
oX,
o
r
AcH
>
of H
oo mx

-

Ho
oo

References

1. MIL-HDBK-189C, Reliability Growth

Management, Depart of Defense, p. 2, 10,
2011.

. MacDiarmid, Preston R., and Morris, Seymour

F., RADC—TR—-84-20, Rome Air Development
Center Air Force Systems Command Griffiss
Air Force Base, NY 13441, Reliability Growth
Testing Effectiveness, p. 1, 1984.

. Seo, Y. W, Park, E. S., Kim, Y. K., Lee, K. Y.,

and Kim, M. S., Reliability Growth Planning for
a Military System using PM2—Continuous
Model, Journal of Applied Reliability, Vol. 18,
No. 3, pp. 201-207, 2018.

. Seo, Y. W., Jeon, D. J., Kim, S. J., and Kim, Y.

G., A Study on the Establishment of Reliability
Growth Planning for One—shot System, Journal
of the Korean Society of Systems Engineering,
Vol. 16, No. 1, pp. 1-8, 2020.

. Lee, Y. J., Bae, G. B,, Heo, Y. M., Seo, J. H.,

Kim, S. B., Choi, J. K., and Park, W. J,
Reliability Growth Management for Armed
Vehicle, Journal of Korean Society for Quality
Management, Vol. 45, No. 4, pp. 981—99%4,
2017.

. Kim, S. B., Park, W. J.,, You, J. W,, Lee, J. K.,

and Yong, H. Y., Reliability Prediction Based
Reliability Growth Management : Case Study of
Surveillance System, Journal of the Korean
Society for Quality Management Vol. 47, No.1
pp. 187-198, 2019.

. Chung, 1. H., Lee, H. Y., and Park, Y. I,

Reliability Evaluation of Weapon System using
Field Data

K—series Weapon System, Journal of Korean

Focusing on Case Study of

Society for Quality Management, Vol. 40, No.
3, pp. 278—285, 2012.

. Lee, Y. E., Kim, G. Y., Lee, G. H,, Kim, Y. H.,

and Jung, Y. M., Reliability Growth Analysis for
KA—1 Aircraft based on Duane and




Crow—AMSAA Model, The Korean Society for Reliasoft, HBM Prenscia INC, pp. 152,

Aeronautical & Space Sciences Conference, pp. 351—-354, 2017.
871—-874, 2010. 10. MIL—STD-1635, Reliability Growth Testing,
9. Reliability Growth Analysis 11 User’s Guide, Department of Defense, p. 152, 1978.

96 A|=EidlA Yol



